Introduction
In the "Solow residual approach", technical progress is usually considered to be the unique source of TFP growth. TFP growth can be defined as the residual of output growth after the contribution of labor and capital inputs and subtracted from total output growth. This approach is based on the assumption that the economies are producing along the production possibility frontier with full technical efficiency (it does not allow inefficiency).
The concept of the efficiency frontier has been used to present inefficiencies.
A varies of methods have been used to measure efficiency and decomposition total factor productivity (TFP) into technical progress, changes in technical efficiency.
These methods differ to the assumptions on the outer bound of the frontier, which deterministic or stochastic frontier production function, and to the method of measurement parametric or non-parametric.
For nonparametric method, such as data envelopment analysis (DEA). This method cannot separate deviation from the frontier technology into their systematic and random components. However, this method has the advantage of imposing no restrictions on the underlying technology and have an advantage in dealing with disaggregated inputs and multiple output technologies.
An alternative method is called a stochastic frontier production function approach. The most important difference between the stochastic frontier production function approach and the Solow residual approach to productivity growth analysis lies in one assumption that firms do not fully utilize existing technology since vari-ous factors that lead to inevitable technical inefficiencies in production.
The stochastic frontier production function approach allows decomposing TFP into efficiency change (TE) and technical progress (TP). From a policy perspective, the decomposition of TFP into efficiency changes and technical changes provides useful information in productivity analysis.
Since Nishimizu and Page [1] first proposed the decomposition of TFP into efficiency changes and technical changes, researchers have applied this approach to various datasets in order to investigate productivity growth. Bauer [2] estimated a translog cost frontier using data on the US airline industry to decompose TFP growth into efficiency, technical progress, and scale components. Sangho Kim and Gwangho Han [3] applied a stochastic frontier production model to Korean manufacturing industries to decompose the sources of total productivity (TFP) growth into technical progress, changes in technical efficiency, and changes in allocative efficiency, and scale effects. Empirical results based on data from 1980-1994 showed that productivity growth was driven mainly by technical progress, that changes in technical efficiency had a significant positive effect, and that allocative efficiency had a negative effect. They suggested that specific guidelines are required to promote productivity in each industry, and provided additional insights into understanding the recent debate about TFP growth in Korean manufacturing.
Hailin Liao et al. [4] applied a stochastic frontier approach to sector-level data within manufacturing and examined total factor productivity (TFP) growth for eight East Asian economies during 1963-1998, using both single country and cross-country regression. The analysis focuses on the trend of technological progress (TP) and technical efficiency change (TEC), and the role of productivity change in economic growth. The empirical results reveal that although input factor accumulation is still the main source for East Asian economies' growth, TFP growth is accounting for an increasing and important proportion of output growth, among which the improved TEC plays a crucial role in productivity growth.
Nguyen Khac Minh et al. [5] applied a non-parametric approach method to decompose the sources of total productivity (TFP) growth of three sectors of Vietnamese economy into technical progress and changes in technical efficiency.
This study develops the study of Nguyen Khac Minh et al. [6] "A decomposition of total factor productivity growth in Vietnamese industries-a stochastic frontier approach" to decompose TFP growth in Vietnamese manufacturing industries from [2003] [2004] [2005] [2006] [2007] . We attempt to decompose TFP growth in Vietnamese manufacturing using a stochastic frontier production model, and provide additional insights into understanding on TFP growth of Vietnamese sub-manufacturing industries.
This paper is organized as follows. Section 2 presents a decomposition of TFP and presents the functional form of the estimation model. Section 3 discusses the data and estimation results. Section 4 contains the conclusions.
Decomposition and Functional Form

Decomposition of TFP
A stochastic frontier production function can be defined by
where it is the output of the ith firm in the tth time period  
; f  is the production frontier;  is an input vector, t is a time trend index that serves as a proxy for technical change; and u (nonnegative) is the output-oriented technical inefficiency.
Taking total differentials
x t with respect to time to get
whereas the first and second terms on the right-hand side are the output elasticity of frontier out put with respect to time, defined as TP, the second term measures the input growth weighted by output elasticities with respect to input ,
A dot over a variable indicates its rate change.
The derivative of the logarithm of (1) with respect to time t and using (3) is given by:
from Equation (3), TFP growth can be defined technical change (TP) and technical efficiency change.
Model Specification
In our empirical study, we employ the stochastic frontier approach. The output of the manufacturing industry (or sub-industries) is assumed to be a function of two inputs, namely capital and labor. The components of productivity change can be estimated within a stochastic frontier approach, and the time-varying production frontier can be specified in translog form as: 
In Equation (4), it is the observed output, t is the time variable and x variables are inputs, subscripts j and l index inputs. The efficiency error, u, accounting for production loss due to unit-specific technical inefficiency, is always greater than or equal to zero and assumed to be independent of the random error, v, which is assumed to have the usual properties . Equation (4) can be rewritten as the following form:
y is the firm's output. The subscripts i represent the ith firm for
. N is equal to 8057 for the total sample. t represents year for and so T is equal to 5. The subscripts j represent the jth industry for , 
The distribution of technical inefficiency effects, it , is taken to be the non-negative truncation of the normal distribution   , following Battese & Coelli [7] , to take the form as
Here, the unknown parameter  represents the rate of change in technical inefficiency, and the non-negative random variable ui, is the technical inefficiency effect for the ith firm in the last year for the data set. That is, the technical inefficiency effects in earlier periods are a deterministic exponential function of the inefficiency effects for the corresponding forms in the final period (i.e.)
iT i given that data for the ith firm are available in period t). Since the estimates of technical efficiency are sensitive to the choice of distribution assumptions, we consider truncated normal distribution for general specifications for one-sided error , and half-normal distribution can be tested by LR test. Given the estimates of parameters in Equations (5) and (6), the technical efficiency level of a firm at time t is defined as (7) and TEC is the change in TE, and the rate of technical progress is defined by,
If technical change is non-neutral then this technical change may vary for different input vectors. Hence, we use the geometric mean between adjacent periods as a proxy,
Both and vary over time and across the firms.
The output elasticities of input K and L are ln ln ln ln ln ln ln ln
The above equations indicate the percentage change in output due to a 1% change in inputs. They can be used to obtain an estimate of aggregate return to scale. The elasticity of scale is defined as :
The elasticity of scale ( e ) measures how output varies as a particular input bundle is augmented by a scalar. If the scale elasticity is unity, then the technology exhibits constant returns to scale.
Data and Empirical Results
Data Issues
The panel data of Vietnamese manufacturing sectors' annual time-series during 2003-2007 are used in estimating production functions. The sectors and their SIC classification numbers are listed in Table 1 .
The sample consists of 8057 firms in Vietnamese manufacturing industries. Data for these firms have been taken for 5 years from 2003 to 2007. All these firms that are selected at least 5 workers.
The basic data for the analysis have been drawn the Database, 2007 version from General Statistics Office (GSO). It contains information for about characterized enterprises. The coverage includes public, private, and The available Information includes data from the enterprises' profit, balance sheets. Key variables on which data were collected for this study include gross fixed assets, wages, revenue, gross output and foreign equity.
Variables for the Estimation of the Model
As discussed above, a two-input production function framework is used to estimate technical efficiency. This requires, for each firm, data on output, labor input and capital input.
Deflated revenue has been taken as the measure of output. For this purpose, the products of each enterprise were matched with the wholesale price indices classification, and the best available price series was chosen for deflation.
Total number of employees connected to the production has been taken as the measure of labor input for each firm in our sample.
Gross fixed capital stock at constant prices (at year 2000) has been taken as the measure of capital input.
Empirical Results
The estimation of parameters in the stochastic frontier mode given by Equations (8) and (9) are carried out via maximum-likelihood method, using the program FRON-TIER 4.1. Two kinds of panel are constructed. Individual sub-Industry panel is used in the single regression, consisting of total sample and 9 sub-manufacturing sectors and 5 years' observations; panel data is used in the regression. Instead of directly estimating 
which are also reported in the result 
Hypotheses Tests and Preferred Model Chosen
We performed a number of LR test to identify the adequate functional form and presence of inefficiency. We examine various hypotheses, such as non-presence of technical inefficiency effects, which can be tested by using the generalized likelihood ratio statistics , given by: 
Hypotheses Tests for Aggregated Samples
, is rejected for the total sample and all aggregated-samples. Thus, the CobbDouglas production function is not an adequate specification for the Vietnamese manufacturing sector, given the assumptions of the translog stochastic frontier production function model, implying that the translog production function better describes the technology for Vietnamese manufacturing industries.
2) The second null hypothesis, that there is no techni-
is strongly rejected by the data in all cases. It implies that the existence of technical progress, given the specified production model.
3) The third null hypothesis, that technical progress is
Not that the translog parameterization of this stochastic frontier model allows for non-neutral TP. TP is neutral if all tj sis. Then, the existence of neutral technical progress in the data set of these industries. In the case of food products & beverages, textile & wearing apparel and rubber & plastic products, the hypothesis is rejected it implies that the existence of non-neutral technical progress in the data set of these industries. 4) Given the specification of stochastic frontier model, there is a particular interest in testing the hypothesis of the non-existence of sector-level inefficiency, expressed by 0 : 0
The first null hypothesis is strongly rejected at the 1% significance level for all samples, suggesting that the average production function is an inadequate representation of the aggregated models for all cases and will underestimate the actual frontier because of the manufacturing sector for all cases and will underestimate the actual frontier because of the existence of technical inefficiency effects.
5) The fifth null hypothesis, specifying that technical inefficiency effects have half-normal distribution 0 against truncated normal distribution, is rejected at the 1% significance level for the total sample and all sub-samples.
6) The last null hypothesis, that technical inefficiency is time-invariant  
: 0
is rejected for total sample, food products and beverages, textile and wearing apparel, footwear, paper & products, rubber and plastic products, non-metallic mineral, basic & Fabricated metal products and Other manufacturing industries at least the 5% significance level. The industrial chemicals are only the case that cannot reject the hypothesis.
Estimation of Stochastic Production Functions
Given the specifications of translog frontier with timevarying inefficiency effects the results of statistical tests of the estimated parameters, the preferred frontier models are chosen and the estimates of their parameters are given in Tables 3 and 4 .
To estimate production frontier for the total sample and aggregated samples, the maximum-likelihood estimates of the parameters in the translog stochastic frontier production function, defined by Equations (4) and (5) , are employed in this study.
Moreover, since there may exist some uncontrollable The average TE for all industries improves throughout the sample period, and this trend of steady improvement is also observed in the food, textiles, footwear, paper, rubber and plastics, basic-metal and other industries. The average TE unchanging through the years in chemical and non-metal industries. Table 7 shows the means of estimated technical effi- The estimates of the average annual rate of change in efficiency for the manufacturing industries and some sub-manufacturing industries are presented in Table 8 .
We calculated these efficiency changes using Equation (2) The estimate of the average rate of growth in efficiency in Vietnamese manufacturing industries suggests that the level efficiency has increased over the whole period (except Non-metallic mineral industry). For example the sub-industry, with average rate of growth in efficiency about 8.2% (highest rate) is footwear, following by rubber & plastic products (about 6.3%) and textile & wearing apparel (about 5.4%).
The annual technical progress change estimates for the manufacturing industry and submanufacturing industries are presented in Table 9 . The technical progress change index between any two adjacent periods s and t were calculated directly from the estimated parameters of the translog stochastic frontier production function by taking a partial derivative of output with respect to time t. Then, we calculated technical change for each sub-industry, and given period by using Equation (3). 
Total Factor Productivity Change
The total factor productivity (TFP) growth is simply the sum of efficiency and technical change. These two changes constitute the TFP change index. The decomposition of TFP change into technical efficient change (TEC) and technical progress change (TPC) makes it possible to understand whether the manufacturing industry and sub-industries have improved their productivity levels simply through a more efficient use of existing technology or through technical progress. Table 8 shows the average annual TFP growth for manufacturing industry and for each sub-industry. As can be seen TFP growth rates of total sample, food products & beverages, textile & wearing apparel, footwear, industrial chemicals, rubber & plastic products, basic & fabricated metal and other sub-industries, have positive due to increase in both TEC and TPC during [2003] [2004] [2005] [2006] [2007] . While TFP growth rate of paper & products has positive due to technical change and TFP growth rate of non-metallic mineral has positive due to TPC.
Conclusions
We applied a stochastic frontier production model to Vietnamese manufacturing industries, to decompose the sources of total productivity (TFP) growth into technical progress, changes in technical efficiency during [2003] [2004] [2005] [2006] [2007] . In terms of efficiency estimations, the average annual technical change in Vietnamese industries is positive and less than 1%, except non-metallic mineral (-0.006). The most important estimate though is that total factor productivity growth. This study estimates a rate of productivity growth of 5.2%. The estimated results show that TFP grew fastest in the footwear subindustry, with annual average growth rate of 11.8%, followed by the rubber & plastic products with a rate of 7.3%.
The estimated results of our study show that although productivity growth was driven mainly by technical progress, changes in technical efficiency had a positive effect on productivity growth.
